We calculate the production of large-p T charmonium and narrow resonance state (exotic charmonium) in proton-proton, proton-nucleus, and nucleusnucleus collisions with the semi-coherent two-photon interactions at Relativistic Heavy Ion Collider (RHIC), Large Hadron Collider (LHC), and Future Circular Collider (FCC) energies. Using the large quasi-real photon fluxes, we present the γγ → H differential cross section for charmonium and narrow resonance state production at large transverse momentum in ultraperipheral heavy ion collisions. The numerical results demonstrate that the experimental study of ultra-peripheral collisions is feasible at RHIC, LHC, and FCC energies.
Introduction
The two-photon interactions [1, 2, 3, 4, 5, 6] at unprecedentedly high energies can be studied in ultra-peripheral heavy ion collisions. Recently, the measurement for ultra-peripheral collisions was performed by PHENIX Collaboration [7] and STAR Collaboration [8, 9] at Relativistic Heavy Ion Collider (RHIC) energies, as well as ALICE Collaboration [10, 11, 12, 13, 14, 15] and CMS Collaboration [16, 17, 18] at Large Hadron Collider (LHC) energies. Moreover, the equivalent photon flux present in high energy nuclear collisions is very high, and has been found many useful applications in photon production [19, 20, 21, 22, 23] , dilepton production [24, 25, 26, 27, 28, 29, 30] , jet production [31, 32] , double vector meson production [33, 34, 35, 36] , (exotic) charmonium production [37, 38, 39, 40, 41, 42] , decupletbaryon pair production [43] , doubly heavy baryon production [44] , graviton production [45] , W/Z boson production [46, 47] , and Higgs boson production [48, 49, 50] in the ultra-peripheral heavy ion collisions. The most existing calculations concentrated on the total cross section and also of the rapidity or the two-photon energy distributions, an interesting theoretical quantity, which may not be measured easily in ultra-peripheral collisions at Relativistic Heavy Ion Collider (RHIC), Large Hadron Collider (LHC), and Future Circular Collider (FCC), since the experiments running at RHIC, LHC, and those planned at FCC demand the distributions of transverse momenta and rapidity.
In the present work, we investigate the semi-coherent two-photon processes for large-p T charmonium and narrow resonance state (exotic charmonium) production in proton-proton, proton-nucleus, and nucleus-nucleus collisions at RHIC, LHC, and FCC energies. If the transverse momenta of both photons are the same large (non-coherent) or small (coherent), the total transverse momentum would have a very small value, then the charmonium and narrow resonance state (exotic charmonium) could not obtain large transverse momentum in the γγ → H interaction, where H is the (exotic) charmonium. Indeed, the single track condition [28, 29] leads to the weak contribution of non-coherent and coherent photon-photon processes for large-p T charmonium and narrow resonance state (exotic charmonium) production compared with the semi-coherent processes. Hence we work in the semi-coherent two-photon approach, in which one photon is relatively hard and is incoherently emitted by participating projectile, while another can be soft enough to be in a coherent domain. In the equivalent photon approximation that the effect of the electromagnetic field for an ultrarelativistic proton or nucleus is replaced by a flux of photons, we present the differential cross section as a function of the transverse momenta for the large-p T charmonium, as well as the narrow resonance state (exotic charmonium) [51, 52, 53, 54] that has been firmly established in ultra-peripheral collisions at RHIC, LHC, and FCC energies in the recent years.
The paper is organized as following. In Section 2, we present the production of large-p T charmonium and narrow resonance state (exotic charmonium) from the semi-coherent two-photon interactions in ultra-peripheral heavy ion collisions. The numerical results for proton-proton, proton-nucleus, and nucleus-nucleus collisions at RHIC, LHC, and FCC energies are plotted in Section 3. Finally, the conclusion is given in Section 4.
General formalism
The differential cross-section for the charmonium and narrow resonance state (exotic charmonium) production from the semi-coherent two-photon interaction in ultra-peripheral heavy ion collisions can be written as
where the total cross sectionσ γγ→H (W ) for the charmonium and narrow resonance state (exotic charmonium) production from the two-photon fusion interaction can be written in terms of the two-photon decay width of the corresponding state as [39, 40, 41, 55] 
here the decay width Γ H→γγ for the charmonium can be taken from the experiment [56] , and the narrow resonance state (exotic charmonium) can be theoretically estimated [41, 57, 58, 59] . Furthermore, J and M H are the spin and mass of the produced state, respectively. In the equivalent photon approximation, the effect of the electromagnetic field for an ultrarelativistic proton or nucleus is replaced by a flux of photons [2, 38] . Then the equivalent photon fluxes for the relativistic proton and nucleus can be obtained as
where ω is the energy of the photon, γ is the relativistic factor, and F (q 2 ) is the proton and nuclear form factor of the equivalent photon source. The energy for the projectiles are E p = √ s/2 for proton and E N = A √ s/2 for nucleus, where A is the nucleon number of the nucleus, and √ s is the center of mass energy for the colliding nucleons at relativistic heavy ion collisions.
In the nucleus case, it is often used in the literature as the monopole form factor given by [27, 60] 
with Λ = 0.091GeV for 197 Au and Λ = 0.088GeV for 208 Pb. For proton projectiles, the electric dipole form factor is in general assumed to be [35, 36, 38] 
where
2 is the 4-momentum transfer of the proton projectile. In the semi-coherent two-photon interaction at the nucleus-nucleus collisions, q 1 = (ω 1 , q 1T , q 1z ) and q 2 = (ω 2 , q 2T , q 2z ) ≈ (ω 2 , 0 , q 2z ), the total transverse momentum of charmonium or narrow resonance state (exotic charmonium) is p T = q 1T + q 2T ≈ q 1T with q 1T ≫ q 2T , where q iT is the transverse momentum of the photon. Therefore the differential cross section for the nucleus-nucleus collisions can be written in the terms of charmonium and narrow resonance state (exotic charmonium) transverse momentum as the following
where the energies for the photons are ω 1,2 = W 2 exp(±y), with W = √ 4ω 1 ω 2 , and the transformations dω 1 dω 2 = W 2 dW dy can be performed. Then we can get the differential cross-section as a function of the total transverse The differential cross section for charmonium production from the semi-coherent two-photon interaction in ultra-peripheral heavy ion collisions at RHIC, LHC, and FCC. momentum p T and the rapidity y,
where α is the electromagnetic coupling constant, γ is the relativistic factor, and the transverse momentum for photon is q 2T > 0.2GeV due to the single track acceptance condition [28, 29] . In the proton-nucleus collisions, the differential cross-section of the semicoherent two-photon interactions for the charmonium and narrow resonance state (exotic charmonium) production can be written as The differential cross section for narrow resonance state (exotic charmonium) production from the semi-coherent two-photon interaction in ultra-peripheral heavy ion collisions at RHIC, LHC, and FCC.
where the transverse momentum for the photon is q iT > 0.2GeV due to the single track acceptance condition. For the proton-proton collisions, the differential cross-section of the semicoherent two-photon interaction for charmonium and narrow resonance state (exotic charmonium) production can be obtained as
where the transverse momentum for photon is q 2T > 0.2GeV due to the single track acceptance condition.
Numerical results
The equivalent photon fluxes for the proton and nucleus become very large at the RHIC, LHC, and FCC energies. The photon flux is high enough that two-photon interactions may be accompanied in relativistic heavy ion collisions. Especially for the nucleus-nucleus collisions, the photon flux scales as Z 2 , and the two-photon differential cross-section scales as Z 4 . Moreover, in a semi-coherent approach, we keep the transverse momentum of one of the photons small, then the whole nucleus acts coherently. In Figs. 1 and 2, we plot the differential cross section for large-p T charmonium [J/ψ, ψ(2s), η c (1S), η c (2S), χ c0 (1P ), and χ c2 (1P )] and narrow resonance state [X(3940), X(4140), Z(3930), X(4160), Y p (3930), and X(3915)] production in proton-proton, proton-nucleus, and nucleus-nucleus collisions in ultraperipheral heavy ion collisions. For proton-proton and proton-nucleus collisions, our results for the production of charmonium and narrow resonance state (exotic charmonium) are not prominent at RHIC and LHC energies. But the predicted differential cross sections increase with the energy, and it can not be negligible at FCC energies. For nucleus-nucleus collisions, the differential cross sections are enhanced by a factor of Z 4 (Z 2 ) in comparison to proton-proton (proton-nucleus) collisions in our calculations, and the contribution of the semi-coherent two-photon interactions for large-p T charmonium and narrow resonance state becomes evident in the ultra-peripheral heavy ion collisions at RHIC, LHC, and FCC energies. Indeed, the main sources of changes in the differential cross sections are the magnitude of the decay width and the spin of the produced particle, since the masses of the narrow resonance states are nearly the same. Here we observe a smaller difference of the differential cross sections between the narrow resonance states (exotic charmonium).
Conclusion
In summary, we have investigated the production of large-p T charmonium and narrow resonance state (exotic charmonium) from the semi-coherent twophoton interactions in proton-proton, proton-nucleus, and nucleus-nucleus collisions in ultra-peripheral heavy ion collisions. In the equivalent photon approximation, the effect of the electromagnetic field for the ultrarelativistic proton and nucleus is replaced by the flux of photons. Then, we show the transverse momentum distribution of the charmonium and narrow resonance state (exotic charmonium) production by using the monopole form factor of nucleus and the electric dipole form factor of proton. Our calculations show that the large values of the differential cross sections for nucleus-nucleus and proton-nucleus collisions, and non-negligible values in proton-proton collisions can be obtained with the semi-coherent approach in ultra-peripheral heavy ion collisions at the RHIC, LHC, and FCC energies. 
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